ABSTRACT
INTRODUCTION
Chronic hepatitis C (CHC) is the most common liver disease in hemodialysis patients. The worldwide prevalence of chronic hepatitis C virus (HCV) infection in hemodialysis patients ranges from 2.6% to 22.9%. In Turkey, the frequency of anti-HCV antibodies in hemodialysis patients ranged from 31.4% to 51% (1, 2) . The natural course of hepatitis C in dialysis patients is unclear. However, in a multicenter prospective study, it has been shown to increase the risk of death due to hepatic cirrhosis and hepatocellular carcinoma (HCC) in such patients (4) . Furthermore, hepatitis C infection increases renal-related mortality (5) . In prospective studies, anti-HCV and HCV RNA positivity were shown to be risk factors for mortality. HCV positive recipients have an increased risk of chronic liver disease and mortality following renal transplantation compared with those negative recipients (6) .
Before the routine use of direct-acting antiviral (DAA) agent-based regimens, the standard treatment for CHC in hemodialysis patients was pegylated interferon (Peg-IFN) with or without ribavirin. Unfortunately, the efficacy of this regimen was suboptimal, and the potential toxicity of therapy was high (7, 8) .
We aimed to present the results of our 3D treatment with patients with hemodialysis-dependent chronic renal failure (CRF) who were chronic infected with HCV.
MATERIALS AND METHODS
Direct-acting antivirals have been used in Turkey since June 18, 2016 for the treatment of CHC, since they have been reimbursed by the state healthcare system. We evaluated the treatment outcomes of patients with antiviral therapy who are treated between July 2016 and October 2017. All patients were treated with 12-week ritonavir-boosted par-itaprevir, ombitasvir, and dasabuvir combination. The daily doses were dasabuvir 2×250 mg and ritonavir 100 mg/day, paritaprevir 150 mg, and ombitasvir 25 mg. Only three patients were administered additional ribavirin 200 mg/day. Ribavirin was discontinued if the hemoglobin values were reduced by 2 g/dL or more in less than 4 weeks or if the hemoglobin value was below 10 g/dL. Patients continue to use other medications and dialysis sessions. They were invited for follow-up visits on a monthly basis as long as there were no additional complaints. Serum HCV RNAs, blood chemistry, blood count, and side effects were recorded.
These evaluations were performed at 4, 12 (end of treatment), and 24 (to evaluate sustained viral response (SVR) 12 weeks after treatment) weeks.
Statistical analysis was performed using the Statistical Package for Social Sciences (SPSS ® ) software program version 21 (IBM Corp.; Armonk, NY, USA). Student's t-test was used for comparison of mean values. Ethical committee approval was not needed since this was a retrospective study from the records of the gastroenterology department.
RESULTS
A total of 25 (15 male and 10 female, mean age: 56.03±11.83 years, age range between 37 and 72 years) patients with hemodialysis-dependent CRF were treated in our department. The mean Modification of Diet in Renal Disease value was 10.37 mL/min. Of the patients, eight had already received Peg-IFN therapy, but HCV recurrence had developed after treatment. Six patients were Peg-IFN-experienced, and two patients were both Peg-IFN-and boceprevir-experienced. All of the patients were genotype 1. Genotype 1 (subtype unknown) was found in 6 patients, genotype 1a in 3 patients, and genotype 1b in 16 patients. The pretreatment median HCV RNA level (log 10 IU/mL) was 6.28. There was no cirrhosis among the 25 patients. The median hemodialysis duration of the patients was 6 (2-25) years.
All of the patients completed their planned treatment. At the end of 4 weeks, the viral response (defined as HCV RNA clearance) rate was 92%. At the end of 12 weeks of treatment, the viral response rate was 100%. Viral responses were similar in both treatment-naive and Peg-IFN, Peg-IFN, and boceprevir-experienced patients ( Figure 1 ).
The mean serum alanine transaminase levels decreased from 16.6 to 8.7 U/l after treatment. The mean serum bilirubin levels increased from 0.49 to 0.56 mg/dL after treatment. There was no difference in serum albumin levels.
All 25 patients well tolerated the treatment regimen. Serious side effects causing treatment interruption were not observed. The most frequent side effects were fatigue and itching, and they disappeared after completion of therapy (Table 1) .
In one patient, previously known systolic hypertension worsened, and additional antihypertensive drug had to be administered. After 12 weeks of DAA treatment was completed, the additional antihypertensive drug was ceased because of normalization of blood pressure to pretreatment values. There was no significant elevation in serum bilirubin concentrations.
DISCUSSION
Hemodialysis patients are at risk of contact with HCV. Risk factors include duration of hemodialysis, number of transfusions, dialysis type, and noncompliance with internationally recognized measures (9) . Therefore, the prevalence of chronic HCV infection in hemodialysis patients is high. It ranges from 2.6% to 22.9%. In Turkey, the frequency of anti-HCV antibodies in hemodialysis patients ranged from 31.4% to 51% (10) . HCV infection is associated with a decline in renal function (11) (12) (13) . In a multicenter prospective study, HCV has been shown to increase the risk of death due to hepatic cirrhosis and HCC in such patients (14) . Furthermore, hepatitis C infection increases renal-related mortality (14) . In prospective studies, anti-HCV and HCV RNA positivity were shown to be risk factors for mortality (14) . There is a negative effect of HCV on survival in hemodialysis patients (15).
Hepatitis C virus positive recipients have an increased risk of chronic liver disease and mortality following renal transplantation compared with those negative recipients (16) . Even if they had kidney donors, many patients missed the chance of kidney transplantation. In addition, the main sequelae of chronic HCV infection include cirrhosis and HCC. Eradication of HCV before the development of decompensated cirrhosis results in decreased liver-related deaths (3).
According to the recommendations of the international renal and liver authorities, including the European Association for the Study of the Liver, people who have chronic renal disease and are infected with HCV should be treated regardless of the fibrosis level (17) . Antiviral therapy should be considered in patients with renal disease and mixed cryoglobulinemia associated with HCV infection (17) . Early recognition and treatment of individuals with chronic kidney failure who are infected with HCV prevents long-term negative outcomes for both the liver and the kidney (18).
Before the routine use of DAA-based regimens, the standard treatment for CHC in hemodialysis patients was Peg-IFN with or without ribavirin. Unfortunately, the efficacy of this regimen was suboptimal, with sustained virological response in only one-third of patients on maintenance dialysis with HCV, and the potential toxicity of therapy was high (7, 8) . Interferon and ribavirin could not be administered at effective doses and durations for these patients due to intolerance and complications which reduced the success of treatment (7, 19) . Ribavirin metabolites cause hemolysis by accumulating in the erythrocytes due to low renal clearance. It can be used in patients with stage 1 and 2 CRFs with dose adjustment but is not recommended for use in stages 3, 4, and 5 and hemodialysis patients (20) .
There are many studies showing the inadequate viral responses with both interferon and Peg-IFNs with or without ribavirin treatment for patients with CRF with CHC in the literature (7, (21) (22) (23) (24) (25) (26) (27) (28) . Among them, a retrospective cohort study showed that the SVR rate is approximately 40% with PEG-IFN monotherapy, and the addition of ribavirin does not lead to improved virological response (7).
Direct-acting antiviral drugs caused a revolution in CHC treatment, especially 3D regime has also led to very effective and reliable results especially in patients with CRF. Daclatasvir, simeprevir, and ombitasvir-paritaprevir-ritonavir+dasabuvir, which are metabolized in the liver, can be used in CRF. Sofosbuvir is excreted by the kidney; therefore, sofosbuvir-containing regimens are not recommended in patients with glomerular filtration rate (GFR) <30 mL/min or hemodialysis patients (29, 30) . For patients with GFR <30 mL/min, ombitasvir-paritaprevir-ritonavir+dasabuvir can be used without dose adjustment. For genotype 1a, ribavirin 200 mg/day can be added if the hemoglobin level is >10 g/dL. Ombitasvir is a nonstructural (NS) protein 5A inhibitor, paritaprevir an inhibitor of the NS3/4A serine protease, and dasabuvir a non-nucleoside NS5B polymerase inhibitor. They all have antiviral activity in HCV both genotype 1a and 1b. Ritonavir, without a direct effect on HCV, is a potent inhibitor of cytochrome P450 3A4 enzymes and used as a pharmacologic booster for paritaprevir. The regimen can be used with or without ribavirin (31) .
According to the American Association for the Study of Liver Diseases guidelines for treatment-naive patients with HCV genotype 1 without cirrhosis and with creatinine clearance rates <30 mL/min, treatment with the daily fixed-dose combination of paritaprevir (150 mg)/ritonavir (100 mg)/ombitasvir (25 mg) plus twice daily dose of dasabuvir (250 mg) with (1a) or without (1b) ribavirin (200 mg) once daily is recommended (32).
In a clinical trial with 20 patients with CRF (6 patients with stage 4 and 14 patients with stage 5 CRF), the combination of ombitasvir, paritaprevir, and ritonavir administered with dasabuvir led to an SVR of 12 in 90% of patients with HCV genotype 1 infection and stage 4 or 5 CRF. The regimen is well tolerated though ribavirin use may require a reduction or interruption to manage anemia (33) .
In another study evaluating the efficacy and safety of ombitasvir/paritaprevir/dasabuvir and ribavirin in patients with CRF (a total of 33 patients), it is reported that the efficacy of DAAs and ribavirin in patients with advanced CRF and HCV infection is similar to that observed in those without renal disease. Ribavirin use was also reported to be rarely associated with severe adverse effects in this study (34) .
All of our patients had 3D regimen with HCV clearance and SVR. In the group with hemodialysis-dependent end-stage renal failure, intolerance and side effects were not observed, which would otherwise require cessation of the oral 3D regimen.
The main limitation of the present study is the number of patients. There were only three patients in the ribavirin co-administered group.
We observed that the treatment with paritaprevir, ombitasvir, dasabuvir, and ritonavir in hemodialysis patients infected with genotype 1 hepatitis C is highly effective and well tolerated. 
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